Magnetism



http://www.phys.ufl.edu/fermisurface/periodic table.html |
@
O @ @D eo e
LB E DS SR O NS |
06 wereesee we




Atomic physics

In atomic physics, the possible values of the magnetic moment of an
atom 1n the direction of the applied field can only take on certain values.

Total angular momentum

J=L+S Orbital L + spin S angular momentum

Magnetic quantum number
m=-J,-J+L---J-1J

Allowed values of the magnetic moment in the z direction
My =M (g, Ly

Lande g factor Bohr magneton
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Hund's rules (f - shell)
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The half filled shell and completely filled shell have zero total angular momentum.
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Paramagnetism

In paramagnetism the field aligns local magnetic moments

Paramagnetism due to atomic magnetic moments:
Determine total angular momentum J
Quantized values the magnetic moment in the direction
of the field
Use Brillouin functions to describe the field and
temperature dependence of the magnetization
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Ferromagnetism

Below a critical temperature (called the Curie temperature) a
magnetization spontaneously appears in a ferromagnet even in
the absence of a magnetic field.

Iron, nickel, and cobalt are ferromagnetic.

Ferromagnetism overcomes the magnetic dipole-dipole
interactions. It arises from the Coulomb interactions of the
electrons. The energy that 1s gained when the spins align 1s
called the exchange energy.



Schrodinger equation for two particles
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y(1,0) =y, (1)y,(,) is a solution to the noninteracting Hamiltonian, Vi,=0
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Exchange (Austauschwechselwirking)
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The difference in energy between the y, and yq 1s twice the exchange energy.



Exchange

The exchange energy can only be defined when you speak of multi-
electron wavefunctions. It 1s the difference in energy between the
symmetric solution and the antisymmetric solution. There 1s only a
difference when the electron-electron term is included. Coulomb
repulsion determines the exchange energy.

In ferromagnets, the antisymmetric state has a lower energy. Thus the
state with parallel spins has lower energy.

In antiferromagnets, the symmetric state has a lower energy.
Neighboring spins are antiparallel.

Ordered states have a lower entropy than free electrons.



Mean field theory (Molekularfeldtheorie)
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Mean field theory

V .

B, = zJM
NG g

Z 1s the number of nearest neighbors

In mean field, the energy of the spins 1s

1
E = izg/uB(BMF +B,)

We calculated the populations of the spins in the paramagnetism
section



Spin populations
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Mean field theory

For zero applied field

M = Mg tanh LM
TM

S

N Z
M. =— and T =
S 2V g/l'lB c 4kB

M, = saturation magnetization T, = Curie temperature



Mean field theory
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